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PRELIMINARY AMENDMENT 



Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



Please enter the following amendment. 



In the Specification 

Please amend the specification as follows. 

Replace lines 4-7 of column 1 with the following: 

"This application is a continuation of U.S. 
AppUcation No. 09/112,219, which is a reissue 
application of U.S. Pat. No. 5,538,762, which is a 
continuation of U.S. application Ser. No. 
08/052,913, filed Apr. 27, 1993, now abandoned, 
which was a division of application Ser. No. 
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07/774,827, filed Oct. 11, 1991, now U.S. Pat. No. 
5,240,774.-- 



Delete lines 1-8 of column 2 and replace with the following: 

-where n represents 0 or an integer; R represents an 
[alkyl] alkylene group or a hydrocarbon substituted 
group containing C==C, C^C, a silicon atom or an 
oxygen atom; m represents 0 or 1 ; Y represents a 
hydrogen atom, an alkyl group, an alkoxy group, a 
fluorine-containing alkoxy group or a fluorine- 
containing alkyl group; A represents a hydrogen 
atom; and q represents 0, 1 or 2; and, [and] baking 
the substrate after the contacting and coating 
steps.— 

Starting at hne 32 of column 2 and continuing to the end of that column, 
delete all lines, and replace with the following: 

-It is preferable in this [method] invention that 
the material having a chlorosilyl group contains a 
member [of a] selected from the group consisting of 
SiCU, SiHCl3, SiHsCli and CI— <SiCl20)„— SiCb (n 
being an integer, preferably 1 to 3). 

It is preferable in this [method] invention that 
the compound having a fluorocarbon group and 
chlorosilyl group is represented by a formula: 
CFs— (CF2)„— (R)m— SiX^Cl3.p where n represents 
0 or an integer; R represents an [alkyl] alkylene 
group or a hydrocarbon substituted group 
containing C=C, C=C, a silicon atom or a hydrogen 
atom; m represents 0 or 1; X represents a hydrogen 
atom, an alkyl group, an alkoxy group, a fluorine- 
containing alkoxy group or a fluorine-containing 
alkyl group; p represents 0, 1 or 2. 

It is preferable in this [method] invention that 
the compound having a fluorocarbon group and an 
alkoxysilane group is represented by a formula: 

CF3— (CF2)— (R);„— SiY,(OA03-, 

where n represents 0 or an integer, R represents an 
[alkyl] alkylene group or a hydrocarbon substituted 
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group containing C=C, C-C, a silicon atom or an 
oxygen atom; m represents 0 or 1; Y represents a 
hydrogen atom, an alkyl group, an alkoxy group, a 
fluorine-containing alkoxy group or a fluorine- 
containing alkyl group; OA' represents an alkoxy 
group; and q represents 0, 1 or 2. 

It is preferable in this [method] invention that 
the material represented by a formula: SiX^Cl^.^ 
where X represents a hydrogen atom or an alkyl 
group, and s represents 0, 1 or 2; is added to a non- 
aqueous solvent containing a compound having a 
fluorocarbon group and a chlorosilyl group. 

It is preferable in this [method] invention that 
the material represented by a formula: SiY/(0A")4-/ 
where Y represents an alkyl group; A" represents a 
hydrogen atom or an alkyl group; and t represents 0, 
1 and 2; is added to solvent containing a compound 
having a fluorocarbon group and an alkoxysilane 
group.— 



Delete lines 23 through 62 of column 5 and replace with the following: 



—As the compound having a fluorocarbon group 
and a chlorosilane group, those which may be used 
are represented by a formula: CF3 — {C¥2)n — 
(R)ni — SiXpCh-p where n represents 0 or an integer; 
R represents an [alkyl] alkylene group or a 
hydrocarbon substituted group containing C=C, 
C=C, a silicon atom or an oxygen atom; m 
represents 0 or 1; X represents a hydrogen atom, an 
alkyl group, an alkoxy group, a fluorine-containing 
alkoxy group or a fluorine-containing alkyl group; 
and p represents 0, 1 or 2. 

As the compound having a fluorocarbon group 
and an alkoxysilane group, those which may be 
used are represented by a formula: 

CF3— (CF2).— (R).— SiY,(OA03-, 

where n represents 0 or an integer; R represents an 
[alkyl] alkylene group or a hydrocarbon substituted 
group containing C=C, C=C, a silicon atom or an 
oxygen atom; m represents 0 or 1; Y represents a 
hydrogen atom, an alkyl group, an alkoxy group, a 
fluorine-containing alkoxy group and a fluorine- 
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containing alkyl group, OA* represents an alkoxy 
group, and q represents 0, 1 or 2. 

To harden the fluorocarbon-based polymer 
coating fibn to be formed, a cross-linking agent can 
be added. 

More specifically, in the case where a non- 
aqueous solvent containing a compound having a 
fluorocarbon group and a chlorosilane group is 
used, a cross-linking which may be used is 
represented by a formula: SiXsCUs, where X 
represents a hydrogen group or a substituted group, 
such as an alkyl group; and s represents 0, 1 or 2. 
In the case of using a solvent containing a 
compound having a fluorocarbon group and an 
alkoxysilane group, a cross-hnking agent which 
may be used is represented by a formula: SiY^ 
{OA'%ty where Y represents a substituted group, 
such as an alkyl group; A" represents a hydrogen 
atom or an alkyl group; and t represents 0, 1 and 2. 
hi either case, it is possible to adjust the three- 
dimensional cross-linking degree in the 
fluorocarbon-based polymer coating film that is 
formed, thus controlling the hardness of the 
fluorocarbon-based coating fihn.~ 



In the Claims 

Please cancel claims 1-1 L 

Please enter the following new claims: 

- 12. A method of manufacturing a vehicle part comprising: 

a. contacting a vehicle part having a surface containing hydroxyl groups with a non- 
aqueous solvent comprising a material comprising chlorosilyl groups to form a siloxane-based 
film on the vehicle part surface; and 

b. coating the siloxane-based fihn with a non-aqueous solvent comprising a 
compound comprising a fluorocarbon group and a chlorosilyl group, represented by the formula: 
CF3-(CF 2),,-(R)m-SiXpCl3- p where n represents 0 or an integer; R represents an alkylene group or 
a hydrocarbon substituted group containing C=C or C=C. a silicon atom or an oxygen atom: m 
represents 0 or 1, X represents a hydrogen atom or an alkyl group; p represents 0, 1 or 2. 
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13. The method of claim 12, wherein said material comprising chlorosilyl groups is 
selected from the group consisting of SiC^, SiHCl s , SiH2 Cl2 and Cl-(SiCl2 0);/-SiCl3 , wherein n 
is an integer. 

14. The method of claim 12, wherein p represents 0. 

15. A vehicle part made by the method of claim 12. 

16. A method of applying a fluorocarbon-based polymer coating film to an apparatus 
comprising: 

a. contacting an apparatus having a surface containing hydroxyl groups with a non- 
aqueous solvent comprising a material comprising chlorosilyl groups to form a siloxane-based 
film on the apparatus surface; and 

b. coating the siloxane-based film with a non-aqueous solvent comprising a 
compound comprising a fluorocarbon group and a chlorosilyl group, represented by the formula: 
CF3-(CF2 )«-(R)»;-SiXpCl 3-p where n represents 0 or an integer; R represents an alkylene group or 
a hydrocarbon substituted group containing C==C or C^C. a silicon atom or an oxvgen atom: m 
represents 0 or 1, X represents a hydrogen atom or an alkyl group; p represents 0, 1 or 2. 

17. The method of claim 16, wherein said material comprising chlorosilyl groups is 
selected from the group consisting of SiCU, SiHCl s , SiH2C l 2 and Cl-(SiCl 20) «-SiCl3. wherein n 
is an integer. 

1 8. The method of claim 1 6, wherein p represents 0. 

19. The method of claim 16, wherein the apparatus is an electric apparatus, a vehicle 
or an industrial apparatus. 

20. An apparatus made by the method of claim 16. 

21 . The apparatus of claim 20, wherein the apparatus is a vehicle. — 
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REMARKS 



This application is a continuation of Applicants' Reissue Application No. 09/1 12,219 in 
which a Notice of Appeal has been filed. This application also corresponds to Reissue 
Apphcation No. 09/614,073, which is also a continuation of the '219 appUcation. 

This Preliminary Amendment amends the specification exactly as in Applicants' '219 
apphcation. Claims 1-1 1 are now canceled. Claims 12-21 are newly added, with claims 12 and 
16 being independent claims. 

Independent claim 12 is to a method of manufacturing a vehicle part. Elements a and b 
of claim 12 are the same as elements a and b of claim 12 in the '219 application. Vehicles in 
general are described in column 1, lines 14-16. Specific examples are further described 
beginning at column 7, line 23. 

Independent claim 16 is to a method of applying a fluorocarbon-based polymer coating 
film to an apparatus. A general description of the method is found at column 1, lines 10-12. 
Elements a and b of claim 16 are the same as elements a and b of claim 12 in the '219 
apphcation. 

Applicants request early consideration of this Continuation Reissue Application. 

In the event that the transmittal letter is separated firom this document and the Patent 
Office determines that an extension and/or other relief is required, apphcant petitions for any 
required relief including extensions of time and authorizes the Assistant Conmiissioner to charge 
the cost of such petitions and/or other fees due in connection with the filing of this document to 
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Deposit Account No. 03-1952 referencing docket no. 356972000203 . However, the Assistant 
Commissioner is not authorized to charge the cost of the issue fee to the Deposit Account. 



Respectfully submitted. 



Dated: October 24, 2000 
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[57] ABSTRACT 

A method of contacung a substrate having a surface con> 
caimng hydroxy! groups wtth a non-aqueous solution con- 
taining a material having a cfaroiosiiyi group; washing if 
desired: coaang the substrate with a noa*aqueoiu solvent 
containing a compound having a fluorocaxtxm group aixi a 
chiorosilane group or a solvent containing a compound 
containing a fluorocarboa group and an aikoxysilane; and 
baking che substrate if necessary in order to form a f!uoro- 
carbon-based polymer coating ftim chemically bonded to the 
substnue surface. The hydroxy] groups on che substrate 
surface and chlorosiiyl groups are reacted to form a thin film 
having a large number of silanol groups (— SiOH) capable 
of connecting the polymer coating &lm to the substrate to 
form a hcat% weather-, and wear-resutam film on various 
surfaces. 
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\tETHOD OF MANtTACTURING A 
FLUOROCARBON-BASED COATING FILM 

This application is a conunuauon of U S appiicanon Scr. 
Na 08/051913, filed Apr 27, 1993, now abandoned, whicn 3 
was a division of appiicanon Ser. No 07/774.827. nicd Oct. 
11. 1991, now U.S. Par. No. 5.240,774. 

FIELD OF THE INVENTION 

This mvcnuon relates to a mechod of manufacrunng a 
fluorocartwn-bascd polymer coating film used on an appa- 
ratus Of tlic like requiring a heat- resistant, weathcr*resistani 
and wcar-resutam coadng. The coating can be used on 
eiecthc apparatuses, such as hot plates and rice cooicing 
machines; vehicles; and industrial apparatus. 

BACKGROUND OF THE INVENTION 

Fluorocarbon-based polymer coating films have been 
used extensively and are manufactured by making the sur* 20 
face Of an Al substrate rough by means of a brush or 
chen:ucal etching; coating the rough surf^e with a prinMror 
the like: coating with a paint suspending line particles of a 
fluorocarboQ-based material, such as poiytctxafluoroethyl- 
ene in ethanoi or the like; and then <iryin% and baking at 2S 
about 400" C. for about otie hour to fix the fluorocarboo- 
based polytner to the substrate surface o'f the materiaL 

This method of manufacture is simple. However, since the 
polymer and substrate are bonded together merely by an 
anchor effect, there is a limit to the adhesion of the polymer ^ 
to the substrate. The method is tnsulBcicm in view of 
adhesion and mechanical strength as a method of manufac- 
turing Auorocarbon-based coating films used for apparatus 
or the like requiring a heat-resisum, weather*re$istant and 
wear-resistant coaung. Such electric apparacus mcludc hoc 
plates as^ rice cooking apparatus; vehicles; and industrial 
apparaus. 

SLTVfMARY OF THE INVENTION 

40 

[n view of the above drawbacks in the pnor art method, 
it cs an object of the present mvenuos to form a fluococar* 
bon-based coating layer or &lm having satisfactory adhesion 
to a' substrate that is pinhole*free* thereby improving the 
performance of an apparatus or the like requinng a heat- 45 
resistant, weather-resistant and wear-resistant coating. Such 
electric apparatuses include hoc plates and rice cooking 
apparatus; vehicles; and induscriti apparatus. 

The pnmary objective of this invention is to provide a 
f)uorocarfoo0*based polymer coating fUm comprising at least so 
an siloxane film formed as a inner layer and a fluorocattxm* 
based polymer fila formed a an outer layer on the surface 
of a substnse. The sibstnte surface and the inner layer are 
bonded with covalem bonds, and the inner layer and the 
outer layer are bonded with covalem bonds. 55 

Another objective of this invention is 10 provide a method 
of manufactunng a fiuorocarbon-bascd polymer coaimg film 
compnsmg the steps of coniocung a substrate having 
hydroxyl groups on a surface wuh a non-aqueous solvent 
containing a material wuh a chlorosiiyl group; coaung said ^ 
substrate surface wuh either a non-aqueous solvent contain- 
mg a compound having a tluorocarbon group and a chio- 
rosilyi group or a solvent contaimng a compound having 3 
f^uorocarbon group and alkoxysilanc group or a compound 
represented by the following formula 



CFj-^CF,U-^RU-StY,(OA)v-, 
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where n represents 0 or an integer. R represents an [alk>i}aJkv!ene 
group or a hydrocarbon substituted group containing C=C. C^. a 
silicon atom or an oxygen atom, m represents 0 or 1. Y represents 
a hydrogen atom, an [aJkyi] allcylene group, an aikoxy group, a 
fluonne'containmg aikoxy group or a fluorme-comainrng [aikyi] 
alk>{ene group, A represents a hydrogen atom; and q represents 0. 
I or 2, and. [and] baking the substrate after the contactmg and 
coating steps. 

AnocM objecuve of Uus mvenuod u to provtdt s method 
of rrunufvmnss i Suorocartxm-d»«i polymer coaaai Aim 
compnsmf M swpt oi comacuif i substnit having a 
surfan conuinrng hydroxyl group* wtUi i noe-aqueouf 
soivfK coQUuttng a maurtai havtag a chlorouiyl giou^ 
wasiting suDsrat wiUk a Mt-aQueoua lolveac to movt 
Che matenai wtihouc reacnoo; coatmg tbe suMnce with i5 
esOMT a ewR'^tieous sotvem comamisg a cofflpoi^ 
a fluofocaitai gmp aad a chkmlyt group or a sdveai 
concaiatog a compouad hiviag a Suorocartai group aod 

It i$ picteabte ta this uivaacioa char tech teo the v 
covalttt bendi coonecoog tht sutaffite surface lod ihe 
mmr laytf. aad the uuscr layer and tbed outer layer « 
iUoaaae booda. 

It i« pceftabie ia tMt iaveauos thM te imer larv « 
fomed with a lOoapt baaed ooaomoieailar (Dat t 

U ts pfvbraM ia (hia iavtmta tte the suheoM ia oadi 
from a taefflhtr ot a group eoBfiadag of smats* ^" 
and plattsea. 

ft ia pitfinblt la tU$ iavoodoa thtt dig sutaacnna is 

of a pi wie maienai titaied ia a piaama anaosphen 

caunag oaygtit 
ft ia pr^lorMa ia thb method taveedott thtt d» 

haviat addomdyt m ^ 

CQostaitag of SiO^. SiHO,. StK, Ot lod CMStOtPK-- 

Sia, (a beiataauiatf*; pteteitty I » 3). 

Ii ia pntaiMi la ctta medtod iavcaooa thai the com* 
pound heviot a fluoioceriM group lod a chioi09;iyl group 
iTr^ftiMOd by a tannuii: Ctr-iCr ,)«MR)«-SiX« 
-Qw « u p w ua i i 0 or aa iaacier R topwaeno m 

[aik^] aikylenc group or a hydrocartwn substituted group 
containing C=C. C^, a silicon atom or a hydrogen atom; m 
represents 0 or 1. X represents a hydrogen atom, an [alkyi] 
ajkytene group, an aikoxy group, a fluorine-containing aikoxy 
group Of a fluorine-containina faikyil aikylenc group; p represents 

0. 1 or 2 _ ^ ^ imttod iatcntioa *ai ti» cow- 



it IS ^ 

poiMri tevtai a SwDcaitaa group lad m aikoiysilaoe 
grooy la rtpRMOttd by a tortayii: 

where n represents 0 or an integer, R represents an [atkyl] aikylenc • 
group or a hydrocarbon substttuted group containing C=C, C^C, a 
silicon atom or an oxygen atom, m represents 0 or i . y represents a 
hydrogen atom, an [aikyi] aJkylene group, an aikoxy group, a 
fluorine-containing aikoxy group or a fluorincKontaining [alkyi] 
aikylenc group; OA' represents an aikoxy group; and q represents 
0. 1 or 2 

tt is pfcferabia ta thu method taveatioo thai the ma tCTai 
cpttsemed by a Tortnuia: StX,a*^ >*hera X reprwews a 

hydrogen atom or an [aikyll aikylene group, and s represents 0, I . 
or 2. IS added to a non*aqueous solvent containing a compound 
havmg a fluorocarbon group and a chlorosiiyi group. 

a preferaoid m tftta method mvcmxxi ^ ^fm maten^i 
fcpfwentcd by a formuU: StY,(0A*)4^ where Y regrcict 

an [alkyi] aikyienc group; A" represents a hydrogen atom or an 
[alkyi] alkviene group, and t represents 0, I and 2, is added to ^ 
solvent containmg a compound havmg a fluorocarbon group and 
an alkoxysilanc group. 
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It IS prcrcraoic in this method mvenuon thac nnc Danicles 
of a Quorocarbon-oascd poiymcr arc dispersed m advance m 
either the non-aqueous solvent conuumng a compound hav- 
ing a j!uofocaiton group and a chlorosilyi grouo or :he 
soivcm containing a compound having a fiuorocaroon group s 
and an allcoxysiianc group. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(a) is a schcmauc sectional view, enlarged m scale 
Lo the molecular levei showing the surtacc of a substrate of 
Example I of this mvenuon. 

RG, l(^) is a schematic secuonai view, enlarged in scale 
to the moiecular level showing the siloxane potynier film 
(inner layer) on the surface of a substrate of Example I of 
this invention. 

FIG. 1(c) is a schcmauc sectional view, enlarged in scale 
to the molecular level showing the fluorocarbon-bascd 
monomolccuiar coautig film on the siloxane polymer film ,g 
(inner layer) of Example I of this invention. 

RG* 1(d) is a schematic secuonai view, enlarged in scale 
to the molecular levei showing the fluorocarbon-based poly- 
mer (outer layer) and siloxane polymer film (inner layer) on 
the surface of a substrate of Example 1 of this invention. 25 

RG* 2(a) is a schemauc sectional view* enlarged in scale 
to the molecular level showing the surface of a substrate of 
Example 2 of this invcntioa 

FIG. Ub) is a schematic sectional view, enlarged in scale 
10 the molecular level showing the siloxane monomolecuiar ^ 
aim (inner layer) on the surface of a substrate of Example 2 
of this invention. 

RG. 2(c) is a schematic sectional view, enlarged in scale 
to the molecular levei showing the f!uofOcarbon*based 
monomolccuiar coating film on the siloxane inner layer of 
Example 2 of this invention. 

RG. 2(di is a schemauc sectional view, enlarged in scale 
to the molecular level showmg the fiuorocarbon-based poly- 
mer film (outer layer) and siloxane monomolecuiar film ^ 
(inner layer) on the surface of a substrate of Example 2 of 
this invention. 

FIG. 3(a) ts a schematic sectional view, enlarged in scale 
to the molecular levei showing the surface of a substrate of 
Example 3 of this invention. 4} 

RG. 3(b) is a schemauc sectional view, enlarged in scale 
to the molecular levei showing the siloxane poiymcr film 
(inner later) on the surface of a subsiraie of Example 3 of this 
invemsoQ. 

RG. 3(c) is a schematic sectional view, enlarged in scale ^ 
to the molecular level showing the fluorocarbon-bascd poly- 
mer film (outer layer) on the siloxaae poiymcr film (inner 
later) of Example 3 of this invention. 

RG. 3(d) is a schematic sectional view, enlarged in scale 
to the molecular levei showing the fiuorocarbon-based poly* 
mcr film (outer layer) and siloxane poiymcr film (inner later) 
on the surface of a substrate of Example 3 of this mvcmion, 

FIG. 4(a) IS a schematic secuonai vtew^ enlarged in scale 
to the molecular level showtng che surface of a subsirauc of 
Example 4 of this mvcntion. 

FIG. Mbi is a schematic sectional view, enlarged in scale 
to ihe moiecular level showing the siloxane poiymcr tinner 
layer) on ihe surface of a substrate of Example 4 of this 
invention. $5 

RG. 4(c) is a schematic sectional view, enlarged m scale 
to the molecular levei showmg the fiuorocarbon-based poly* 
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mer nlm (outer layer) on ihe siloxane poiymcr .^im (inner 
iaier} of Example 4- of ihis invenuon. 

FIG. 4(d) IS a schematic secuonai view, cniargcd in scale 
10 the molecular levei showing ihe fluorocarton-oased poly- 
mer nlm (outer layer) and siloxane polymer film (inner later) 
on the surface of a substrate of Example 4. of this invenuon, 

DETAILED DESCIUPTION OF THIS 
LNVENTION 

A special feature of manufacturing a fluorocarbon-bascd 
coaung film, which conipnses the seeps: comacang a sub* 
strate having a surface containing hydroxy! groups with a 
non-ai)ueous solvent containing a material having a chlo- 
rostlyl group; coating the substrate surface with cither a 
non-aqueous solvent containing a compound havmg a Huo- 
rocarbon group and a chiorosilyl group or a solvent con- 
taining a compound having a f!uorocarbcn group; and alkox- 
ysilane group and baiong the substrate after the contacting 
and coanng steps. 

A washing step for renx}ving the excess material by 
washing may be provided between die contacting step and 
the coating step. 

According to the invention, in the step of contacting a 
substrate having a surface containisg hydroxy! groups with 
a non-aqueous solvent containing a matexiai having a plu* 
raiity of chlorosiiyi groups, the hydroxyl groups on the 
substrate surface and chiorosilyl groups of the materiai 
having chiorosilyl groups are reacted to form on the sub- 
su3te a thin 31m having a number of silanol ( — StOK) 
groups capable of being strongly chemically bonded to the 
subsuate surface. 

In addition, after the step of contacting the substrate with 
a non-aqueous solvent contaming a material having chio- 
rosilyl groups, in which the hydroxyl groups on the substrate 
surface aod the chiorosilyl groups of the maiettai are 
reacted, and the step of renoovmg the non-reacted excess 
muerial containing a piuraiity of chiorosilyl groups remain- 
ing on the substrate by washing with non^aqucous organic 
solvent and by further washing with water, only the material 
bonded to —OH groups on the substrate can form a stiox- 
ane-bascd monomolecuiar film (inner layer) containing siU 
anoi groups (— SiOH), 

Further, after the coadng step, in which the substrate is 
coated with a non-aqueous solvent containing a compound 
having a fluococarbon group and a chlocosilace group or 
with a solvent containing a compound having a fluorocarbon 
group and an alkoxystlane group, by baking the coaung 
together with the substrate in a moisi atmosphere for I hour 
at about 120* C, a hydrochloric acid removal or alcohol 
removal reacdon during a precipitatioo step occurs betv^een 
the mumal chlorosilane groups or alkoxysilaae groups in the 
compound, and between the chlorosilane groups or alkox- 
ystlane groups in the compound, and the ^SiOK groups of 
a thin film formed on the substrate surface. This forms a 
auorocarbon-based polymer coaung film (outer layer) of a 
polymer havmg ftuorocarboa groups that is chemically 
bonded via — StO^ bonds to a chin film formed on the 
substrate surface and havmg a large number of — SiOH 
bonds. 

Ii ts thus possible to form a /luorocarbon-bascd polymer 
coaung film having very excellent adhesion. 

For the substrate having a surface containing hydroxyl 
groups according to the invention, metal and non-mctoi 
elements and ceramics may be used. 



5 



According :o 'he ;nvenuon. since hydropmhc groups 
rbrmed on the subsuaie and chiorosilyl groups arc reacied 
with each other, where metais are used, commoaiy xrmcd 
base metals, such as aiumiauin. copper and iron, are suit- 
able. 5 

Further, a matenai without any oxide film such as plasac 
substrates can be used after surface treatment to render them 
hydrophiiic. The surface treannent may be earned out by 
usual means, such as ireatmem m a piasma atmosphere 
comaming oxygen at iOO W, for 20 minutes or a corona jq 
o-eatment However, piasucs that contain — groups such 
as poiyamid or polyurethane substrates, do noc require 
surface oxygen tremment Since — NH groups have acuve 
hydrogen, it is easy to remove hydrochloric acid with 
chiorosilyl groups of th« surface active agents, 

As the matenai containing chiorosilyl groups, Sia^, 
SiHQ,. SiH^a^ and G— (Si CI^0),--SiCl3 (n being an 
integer, preferably I to 3) may be used. 

When a matenai having a plurality of chiorosilyl groups 
in molecule is used, such as G— (SiCU 0),— SiQ,, the » 
number of silanoi groups on the surfa:e is increased which 
improve the hydrophiiic effect 

As the compound having a duorocarbon group and a 
chlorosilane group, those which may be used are represented 
by a formula; CFj— (CFi),— (R)«— SiX^Qj^ where n ^ 
represents 0 or an integer R represents an [alkyl] aikyiene group 
or a hydrocarbon substituted group containing CK^, a silicon 
atom or an oxygen atom; m represents 0 or I; X represents a 
hydrogen atom, an [alkyt] alkylene group, an alkoxy group, a 
fluorine-containing alkoxy group or a fluorine-containing [alkyll30 
alkylene group; and p represents 0, 1 or 2. 

As the compound having a fluorocarbon group aod aa 
aikoxysilaoe group, those which may be used are repre- 
- sented by a formixia: 

where n represents 0 or an intergcr; R represents an [alkyi] 
alkylene group or a hydrocarbon substituted group containing 
C=C, CaC. a silicon atom or an oxygen atom; m represents 0 or 1; 
Y represents a hydrogen atom, an [alky I] alkylene group, an alkoxy ^ 
group, a fluorine-containing aJkoxy group and a fluonnc- 
contaming [alkyi] alkylene group, OA' represents an alkoxy group, 
and q represents 0, 1 or 2. 

To harden the Suorocarbon-bascd poly tncr coating film to 43 
be formed, a cross4tnkiag agent can be added. 

More specifically, in the case where a tion-aqueous soU 
vent containing a compound having a fluorocarbon group 
and a chiorostlane group is used a cross-linking which may 
be used is represented by a formuia: SiX^*^ where X so 
rcpresenu a hydnHten group or a substituted group, such as 

an [alkyt] alkylene group; and s represents 0, I or 2. In the case of 
using a solvent containing a compound having a fluorocarbon 
group and an alkoxysilanc group, a cross-linking agent which may 
be used is represented by a fomiula; SiY, {OA")^,, where Y i5 
represents a substituted group, such as an [alky 1] alkylene group; 
A" represents a hydrogen atom or an f at kyl] alkylene group, and t 
represents 0. 1 and 2. In either case, it is possible to adjust the 
three-dimensional cross-linking degree in the fluorocarbon-based 
polymer coating film that is formed, thus controlling the hardness ^ 
of the fluorocarbon-based coating film. 

Funhermore. a is possible to coat m ways similar to the 
pnor an fluorocarbon-based coating film by dispersing fine 
panicles of the tluorocarfoort-based polymer in a non-aque- M 
ous soWeni coniaimng a compound having a fluorocarbon 
group and a chlorosilane group or in a solvent containing a 
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compound having a .iuorocaroon group and in alkoxysilane 
group. In ihis case, fiuorocarbort chains, siioxane aonds and 
molecular chains of the tluorocarbon- based polymer 
cmangie on a molecuiar level with each other. Thus, a 
:laorocarbon- based polymer coating film may be fonned, 3 
thai has very high adhesion compared to the pnor an coaung 

The invention can w\dely be applied to substraics, such as 
matcnals made of metals, cenumcs or piasucs. wood, stooe. 
etc. The surface of the substrates can aiso be coated with 10 
paints or the like. 

Examples of cutiery include: a kitchen knife, scissors, a 
kiufe. a cutter, a graner. a razor, hair clippers, a saw, a plane, 
a chisel a gimieu a badkin* bite (cutung tools), the edge of 
a drill the edge of a rnxxcf and juiccr. a blade of a null a j 
blade of a Iawnmower« a punch* a straw cutter, & staple of a 
stapler, a can opener or a surgical knife and the li3». 

Examples of needles include: an acupuncture needle, a 
needle, a sewing needle, a matting needic, an injecuon 
needle, a surgical needle, a safety pin, and the like. 

Examples of products in the poticry (cerarmcs) mdustry ^ 
include: products made of a pottery, a glass, ceramics and 
enameled products. This further mcludes, for example, sam* 
lary pouenes (a chamber poc a wash*bowl a bathtub etc), 
tablewares (a nce-bowl teacup, a disb (plate), a bowi, a 
teacup, a glass, a bottle, a coiee*pot (sipbon), a pan, aa ^ 
earthenware mortar, a cup and the like), vases (a f!ower 
bowl, a flowerpot, a bud vase and the like), wuer tanks (a 
breeding cistern, an aquanum water tank and the like), 
chemical experiment appliances (a beaker, a reactor vessel, 
a test tube, a flask, a laboratory dish, condenser, a mixing 30 
rod, stirrer, a mortar, a bai, a syringe etc.) a roof tile, 
enameled ware, an enameled washbowl and an enameled 
pan and the like. 

Examples of mirrors include: a hand mirror, a lulMength 
nwrror, a bathroom minor, a lavatory mirror, vehicle mirrors 35 
(a rear- view mirror, a side mirror, a door minor etc.), half 
mirror, road mirrofs such as a curve mirror, a show window 
glass, a salesroom in the depanmeac store, medical care 
mirrors, a concave mirror, a convex mirror and the iike. 

Examples of molding parts includes: dies for press mold- ^ 
mg, dies for cast molding, dies for injection molding, dies 
for transfer molding, dies for compression molding, dies for 
transfer molding, dies for inftatioo molding, dies for vacuum 
molding, dies for blow forming, dies for extrusion molding, 
dies for fiber spinning, a calender processing roll and the *5 
like. 

Examples of omamenu include: a watch, a jewel a pearl, 
a sapphire, a r\Ay, an emerald, a garnet, a cai*s eye, a 
diamond, a topaz, a bloodstone, an aquamanne, a turquotsc. 
an agate, a marble, an amethyst, a cameo, an opal, a crystal. » 
a glass, a ring, a bracelet a brooch, a tiepin (a stickpin), an 
caning, a necklace, jewelry made of plaununt gold, silver, 
copper, alumimum. utanium, tin and those alloy, stainless 
steel a glass frame and the like. 

Examples of forming molds for food include: cake, cook- $5 
les, bread-baking, chocolate, jelly, ice cream, ovenwarc, an 
ice tray and the (ike. 

Examples of cookwart include: kitchen utensils (a pan 
and a pot), a kettle, a pot. a frymg-pan, a hoc plate, a loastmg 
net. a lakoyaki plate and the tike. 

Examples of papers include: photogravure paper, hydro- 
phobic and oUphobic paper, poster paper, high-grade pam- 
phlet paper, wrapptng paper, package paper, drinking pack- 
age paper, container paper, priming paper, synthuc 
insulaung paper and the like. 

Examples of rcsm(s) mciudc: a poiyolefin such as a 
polypropylene and polycthylen, a polyvmyichlonde plasuc. 
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a polyamide, a polyimide, a pQlyamideimidc, a poiyesEer. an 
aromatic polyester, a poiycarbonatc. a polystyrene, a 
poiysulfide, a polysuifonc, a poiyethcrsuifonc. a polyphe- 
nylensuiftde, a phenolic resm, a furan rcsm. a urea resin, an 
epQxy resia, a poiyurethane. a silicon rcsin, an ABS rcsm. a 5 
methacrylic resin, an acryiaie restn. a polyacetai, a poiyphe- 
nylene oxide, a poiymethylpenienc* a mcl amine resm. an 
aikyd resin, an unsaturated polyester cured resm and the 
itke. 

Examples of rabber(s) include: styrene-butadiene rubber, lO 
butyl rubber nitni rubber, chloroprcnc rubber, poiyurethane 
mbbcr. silicon rubber and the like. 

Examples of household electncaJ appiiances include: a 
television, a radio, a taperecorder, an audio, a compaa disc 
(CD), a refrigerator of freezing machines* a freezer, an air is 
conditioner* a juicer, a mixer, a blade of an elecinc fan. a 
iighung apparatus, a dial plate, a hair dryer for perms and the 
like. 

Examples of sporu azucles include: skis, fishing rods, 
poles for polevauiung. boais, yachts, surfboards, golf bails, 20 
bowling bails, fishing line (yam), fishing nets, floats and the 
like. 

Examples applymg to vehicle parts include: 

(1) ABS resin: a lamp cover, an installment pannel, 
trimming paru, a protector for a motorcycle. 23 

(2) Cellulose plastic: a car mark, a stccnng wheel 

(3) FRF (fiber reinforced plastics): a fcfumpcr. an engine 
cover (jacket) 

(4) Phenolic resin: a brake 

(5) Poiyaccial: wiper gear, a gas valve 30 

(6) Polyamide: a radiator fan 

(7) Poly ary late (polycondcnsation polymertiation by 
btsphenol A and pseudo phtaiic acid): a direcuon indicator 
lamp (or lense), a cowl board Icnse, a relay case 

(8) Polybutylene terephtalaie (PBT): a rear cn4 a from 3S 
fender 

(9) Poly(aminQ-bismaicimide): engine parts, a gear box, a 
wheel, a suspension drive system 

( 10) Methactyiate resm: a lamp cover lens, a meter pannel 
and its cover, center mark ^ 

(11) Polypropylene: a bumper 

(12) Polyphcnyiene oxide: a radiator giille. a wheel cap 
{13} poiyurethane: a bumper, an fender, a installment 

panel, a fan 

(14) Unsaturated polyester resin: a body, a fuel tank, a 4S 
heater housing, a meter panel. 

Examples of oUce supplies include: a fountain pen, a 
bail-point pen, a propelling pencU (an automatic or a 
tnechanical pencil), a pencil case, a binder, a desk, a chair, 
a bookshelf, a rack, a telephone stand table, a ruler (mca* 50 
sure), a drawing instrument and the like. 

Examples of building matenais include: matcnais for a 
roof, and outer wail and tntenors. Roof matcnais mciude a 
brick, a slate and a tin (a gaivani2ed iron sheet) and the like. 
Other wail materials include wood (including a processed )S 
manufactured wood), monar, concrete, ceramics sizing, a 
metallic sizing, a bnck, a stone, plagues and a mctai like 
aiumimum. Imcnor matenais such as a wood (including a 
processed one), a metal Itkc aluminum, plasucs. paper, hbcr 
and the like. 60 

Examples of buiidmz stones include: granite, marble and 
others used as bujiding matenal. such as an architecture, an 
ornament, a bath, a grave, a monument, a gaacposi. a stone 
wall, a pavmg stone and the like. 

Examples of musical insuumcms and sound apparatus 63 
include: a percussion mstrumcnt, a stnngcd insinimcm, a 
keyboard mstrumenu a woodwind instniment, the brass and 
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oihcrs. and sound appanius such as a irucrophone. a speaker. 
To be concrete, ihere are musicai mstrumcnts such as a 
dxTim, a cymbai, a violin, a ceiio. a guitar, a koto fharp), a 
piano, a fluic, a clannci, a bamboo 3utc and a hom. and 
sound apparatus such as a microphone, a speaker and a 5 
earphone and ihe iike. 

Examples also include a thermos boiUc, a vacuum boiile, 
a vacuum vessel and Uie like* 

Examples also include a high resistance voltage insulator, 
such as a power supplying msulacor or a spark plug* which id 
require a highly hydrophobic, oUphobtc and pievenuon of 
contaminauon coating. 

As has been described in the foregoing, the method of 
manufactunng a fluorocarbon-based coaang film according 
to ihe invention compnses the steps contacung a substrate i5 
having a surface coniainiflg hydroxyl groups with a non- 
aqueous soluuon contammg a material containing a chio- 
rosiiyl group: coaling ihe substrate with a non-aqueous 
solution containing a compound containing a fluorocazbon 
group and a chlorosilane groop or a soluuon containing a 20 
compound containing a fiuorocarbon group and an aikox- 
ysiJane group: and baking the substrate after the contacting 
and coating steps. Thus, a ftucMwarbon-based coating fllin 
excellent in the hydrophobic and oil-repeilem properties can 
be formed on the surface of a hydiophilic substrate with the 25 
properties being strongly chemically bonded co the sub* 
strate, high density, no pinholes, uniform thickness and very 
thin layer. It is thus possible to provide a fiuorocarbon*based 
coating film having high durabiiity and high performance. 

Now, examples will be described with reference to FIGS. yo 
Lto4. 

EXAMPLE I 

A hydrophiHc substrate 1, It., a glass substrate, was 
prepared as shown in RG. Ua), 

The substrate 1 was coated with what was obtained by 
dissolving 1% wt of Q— (Sia^OH — SiQ, a the material 
having a chlorosilyi group in chloroform solvent 

Also, hydrophilic subsdoue groups were contained 
on the surface of the substrate 1. Thus, a hydrochloric acid 
removal reaction (dehydrochioric acid) was brought about 
on the surface co fix molecules to the surface of the substrate 
I via — SiO— bonds* for example as shown by the formula 
[11; 

a a a fonnulan 

I I 1 
a-sto-sto-Sia 
I i i 
a 0- a 

With subsequent evaporation of the chloroform solvent m 
an atmosphere containing moisuire from water content a 
siloxane polynwr coating Sim 2 as shown in RG. lib) was 
formed with hydrochloric acid removal reaction between the 
moisuire and groups without being reacted w\th ihc 
substrate 1. 

The siloxane polymer coating film 2 thus formed was 
bonded to the surface of the substrate 1 via chemical bonds 
of — SiO— and thus difBcuft to be separated. 

The siloxane polymer coating film 2 had a large number 
of — SiOH bonds on the surface. 

Accordingly, a solution contaimng 80% wt n<hcxadccane. 
12% wi carbon tetrachloride and 8% wt chlorofonn was 
prepared by dissolving into a concentration of 2.0% *i 
CF CH20<CH,)i3SiG 3 as a non-aqueous solvent contain- 
ing a compound having a fiuorocarbon group and a chio- 
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rosiiane group, and u was coated on ihe surface of ;he 
substrate I having :hc surface :hcrcof formed w\ch 'Jnt 
siloxanc poiymer coating film 2 having a large number of 
— SiOH bonds, as shown in HG, l(cl Then, by bakuig in an 
atmosphere containing waier moisture ac 200* C for about ^ 
30 minutes, a hydrochlonc acid removal reacuon was 
brought about between the ctiiofosilyl groups of ftuonne- 
contaimng chlorosilanc-bascd surface active agent and 
exposed — OH groups of the sUoxanc poiymer coating film 
Z to form covaien: bonds such as ihe followmg fonnuia(2I; 

CFjCHiaCHi)i sSjG? - 3{ -OW > fommU f 21 



0- 

1 15 
CFiCH70(CHi)ijSiO- - 3Ha 

f 



In this way, a fluorocarboa-based polymer coating dim 3 20 
having a thickness of about tO to 20 ^ was obtained. 

This polymer film 3 was not separated at all in a check- 
erboard tesL 

Further by adding 3% wt of SiO^ as a cross-linking agent 
to the Ron-aqueous soludon containmg a compound having ^ 
a fluorocarboa group and t cMorosilani group, a fluorocar- 
bon-bued coaung polymer film 3 was obtained, which had 
about two times of the hardness of a solvent without StO^, 
caused by thiec-dimcnsionaS crosi*linking through — Si{— ^ 
0— ), bonds. 

Further by carrying out similar coaling by adding 20% wt 
of fine particles of poiytetrafiuoroeUiylene as Suorocarbon* 
based polymer to the non-aqueous solvent containmg a 
compound having a fluococartxm group and a chiorosilane 35 
group, a fluorocarboa*based coaang film was obtained, 
which had very superior adhesion as compared to that m the 
prior an even though its hardness was comparable to that m 
the pnor ait. 



EXAMPLE 2 

A" hydrophilic substrate I was prepared as same as m 
Example I, as shown in RG. Ka). 

The substrate 1 was (^^^ for about one hour m a 
solution obtained by dissolving 1% wt of G— ^SiOp)^— 
SiCl) as a maiertai having chiorosilyl groups in chloroform 
soiveni aa in Example L A hydrochloric acid removal ^ 
reaction thus was brought about on the surface of the 
substrate 1 because of the presence of hydrophtlic —OH 
groups on the surface to adsorb molecules as shown above 
formula(l1. 

By subsequendy carrying out washing with a non-aque- 53 
ous solvent, i.e., chloroform, and then with water, molecules 
of CI— {SiCUO)^— Sia, which remained wuhout bcmg 
reacted with ihc substrate I. were removed to leave a 
siloxanc monomolccular film 4 on the surface of the sub- 
strate I as shown m FIG. Itb) and given as the formulas [A) ^ 
and/or (B] etc, 

OK OH OH 
I j i 
0H-StO-SiO-S(OH 
t I 
OH 0- OH 
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10 

-conunucd 

f« ro^ui^iS! 

OH-S.O-S.O-SiOH 
I ( I 
O- OH OH 

The monomoiecuiar film 4 ihus obtained was perfecUv 
bonded :o the substrate I via chcmicai bonds of — 5iO- 
and was not easy separated. 

The monomoiecuiar film thus formed has many — SiOH 
bonds 00 die surface. 

Further, a non-aqueous solution containing 80% wt 
n-hcxadccane, 12% wt carbon tetrachloride and 8% wt 
chlorofOTm was prepared by dissolving into a concentration 
of 10% wt a compound having fluorocarbon group and 
chiorosiianc group such as CF^CCF^CH,), SiQ, coated 
on the surface substrate I formed on the surface thereof widi 
a monomoiecuiar film 4 having many ^iOH boixls as 
shown in FIG. 2(c). A reaction was thus brought about 
between -SiO bonds and ^iOH groups of the monomo- 70 
lecuiar layer 4. Then, by baking in an atmosphere containing 
water moisniie at 200* C. for about 30 minutes, the bonds of 
formuiaC3] were formed: 



10 



15 



CFjCCFjMahhSiO- 

I 

0- 

In this way, a polymer film 5 having a thkbiesa of 10 to 
20 Mm was formed such that it was chemically bonded to die 30 
mner-layer, i.e., the sUoxane polymer modomoiecuiar film 4. 

The coating film did not sepante in a checkcftx»aid test 
Furthcnnore, by adding 15% wt of SiO* aa a compound 
cross-Imiong agent to the noo-aqueoua soluooo containing a 
compound having a fiuorocarboa group and a chiorosilane 
group, a fluorocarbon-bascd polymer coating film having a 
hardness increased by about 5 timea could be obtained. 
Additionally, by carrying out sinaiar co^g using a non- 
aqueous solution contaimng a compound having a fiuoio- 
carbon group and a chiorosiianc gnxip, which was obtained ^ 
by dispcning about 20% wt of fine particles of a fluorocar- 
bon-based polymer, e.g., poiytetniluoroediyieoe, a fluort>- 
carboo-based polymer coating film could be obtained thai 
had very superior adhesion compared to that in the prior art 
although iu hardness WIS comparable to thM in the prior an. *^ 
rJ^.^ example used CF^CH^aCH,),, SiQ, and 
Cr3(CF2)7{CH,),Sia, as the fiuorocarbon-based surface 
active agent by adding the C-C or O-C group to or 
assembling it in an [ailcyi] aikylene chain portion, cross-linking can 
be obtained by inflation with an electron beam of about 5M-rads ^ 
after the fomiation of the coating film, and thus it is possible to 
increase the hardness of the coatmg film to about 10 times. 



Further, as the fluorocartxm-based surface active agent, 
matenais shown below may be used in addition to the above 
agents, 

CF,(CHj).Si(CH,),(CH,), jSiO,, 
F(CF,),(CH^)^Si(CH,)^(CH^)^i and 
CFjCOCKCH^jt^Sia,. 
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EXAMPLE 3 

As Shown in Example I. a hydrophilic substrate II was 
prepared as shown m FIG. 3(a). 

This substrate 11 was then dipped in a solution obtained 
by dissolving I % wt of a material having a chlorosdy 1 group 



11 

m a non-aqucous soivcnt such as a chroloform soivcm and 
then was raised from ;hc solution. 

By using CI — (SiG20)2— SiCl, as a matcnaJ having a 
plurality of cillorosilyl groups in a moiecuie, a hydrociiionc 
acid removai reaction was brought aboui because of the ^ 
presence of hydrophilic — OH groups on the surface of ihc 
subscrace 11, thus fixing molecules lo chc subsiraie via 
— SiO — bonds as shown above formula (IJ. 

3y subsequently evaporating the chloroform solvent in an 
atmosphere containing of moisture, chlorine m — SiQ 
groups that remained without being reacted with the sub- 
strate U were then reacted with the water by a hydrochloric 
acid removai reaction to form a siloxane polymer coating 
film 12 as shown tn FIG. 3(b). 

As the siloxaoe polymer coaitng film 12 dius obtained 
was bonded to the surface of the substrate 11 via chemical 
bonds of *SiO — . it was difficult to be separated. 

The siloxane polymer coating film 12 formed also had 
many — SiOH bonds on the surface. 20 

Furthermore, a solution obtained by dissolving a concen- 
tratioa of several percent, for tnscaoce 10% wt, of a com* 
pound having a fluorocarton group and a alkoxysiiane 
group, for instance CFjCH^OCCHn), 351(0013)3 in an alco- 
hol solvent, for instance ethanoU ^as used for coating, 25 
followed by baking at 200* C for about 30 minutes. By 
doing so. —OH groups exposed to the surface of the 
siioxane polymer coanng film 12 were reacted with alkoxy 
groups in the fluonne-cotttaxng aikoxysilane-based surface 
active agent an alcohol removal reaciion to form such as the 30 
formula [4]. 

CF5CH|0<CHi)i5Si(OCH5h * 3<-0H) > 1*1 



0- 35 

i 

CFiCHiO(CHi)i jSiO- ^ 3CM*0H 
O- 



fn this way. a polymer film 13 having a thickness of 10 to ^ 
20 Min was obtained. 

This polymer film 13 did not separate in a checkerboard 
test Further, by adding 5% wt of Si(OCH 3)4 as a cross- 
linking agent to the solvent containing a compound having 
a fluorocarbon group and an aikoxysilane group shown by 
the above formula [4], a three*dimensionally cross-linked 
fluorocarboo-bascd film via — SiOC— O— )3 bonds wu 
obtained, which had about two times the hardness of the film 
obcasned without addition of SKOa{3)4. ^ 

FunHet by carrying out similar costing using a solution 
containing a compound having a fiuorocarbon group and an 
aikoxysilane igroup, to which 20% wt of f^ne particles of 
polytetrailuofoethyfene were added as a nuorocarbon-baaed 
polymer, a polymer film was obtained, which had a very 
superior adhesion compared to that m the prior an although 
LU hardness was comparable to that in the prior art 

EXAMPLE 4 

As shown in Example 3, a hydrophilic substrate U as 60 
shown m RG. Ma) was diopcd for about one hour m a 
non-aqueous solution prepared by dissolving I % wi of 
CI— {StCI;0)i— SiClj as a material containing a chlorosilyl 
group, tor instance, m a chloroform solvent 

At this umc. hydrochloric acid removal reaction occurcd 65 
on the surface of substrate 11 because of the presence of 
hydrophilic —OH groups on the surface. Thus, molecules 
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wers adsorbed as shown by the formuia such as fonrtula (1 }. 
When Lhe substrate was exposed to an atmosphere coniaiji- 
ing water, a siioxane monomolecuiar film U as shown m 
FIG. Mb) was obtained on ihe substrate surface, and shown 
such as the formuJa [5] and/or formuia [6) etc. 5 



OH OH OH 

i 1 1 




HO-SiO-SiO-SiOa 

1 t 1 




OH 0- OH 




OH OH OH 

1 1 1 
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HO-SiO-SiO-SiOa 

I 1 1 




0- OH OH 
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The monomolecuiar layer 14 thus obtained did not sepa- 
rate as it was perfectly bonded to the substrate i via — SiO— 
chemical bonds. 

The mocwmolccuiar layer 14 obtained also had many 
— SiOH bonds. ^ 

Further a solution was prepartd by dissolving a concen- 
tration of 1% wt CF3(CFj)7(CH2)jSi(CX:2H5)5 as a com* 
pound having a ffuorocarbon group and an alkoxystlane 
^roup in a methanol solvent, coated onto the surface of 
substrate 11 covered with a mooomolecuiar fUm having 
many —SiOH bonds, and followed by baking at 200* C for ^ 
about 30 m in u tes , 

This produced the compouod shown in RG. 4(di and • 
rcptcscmcd by fonnula(71. 

0- facffliiii(7| 30 

CT^CCFjWCHihSiO- 
0- 

In this way. a polymer film 15 having a thickness of 10 to 
20 ^ was obtained. 

The polymer film 15 formed M not separate in a check- 
erboard test because it was formed in a state chemically 
bonded to the siloxane monomoiecuiar film 14. 

Further, by adding 10% wt of St(0C,H7)4 as the aosa- 
linking agent to the solution having a compound containing 
a ftuoroc ar bon group and an aik<»tysilane group, a fluoro- 
carbon'btsed coating fUm having about four times the 
hardnesa of the film was ototaioed as compared to a film 
without the additioa of the agent. Furthermore, by canymg 
out similar coating using a solution comaining a compound 43 
having a fluococarbon group and as alkoxystlane group, m 
which solution was dispersed 20% wt of fine particles of 
polytetrafluoroethytene, a Ruorocarbon-bascd coating film 
was obtaioed* which had a very superior adhesion compared 
to ihat is the prior an although its hardness was comparable 
to thai is the prior art ^ 

Although is the above Examples 3 and ^. 
CF,CH,0(CHt)i5SifOCH,), and were 

CF,(CFj)7(CHj)iSt<OCjH5), were used as a reagent for 
forming a Su<mcarbon*based film on the uppermost surface 
by adding or assembling the C or CmC group to or m ^' 
the alkyl chain portion, cross-linking can be caused by 
irradiation of an electron beam of about 5M-rads. After the 
formauon of the coating film, a coaimg film with about 10 
ttmes of the hardneu to be obtained. 

Further, as the compound havmg a fluorocatton group ^ 
and a chlorostlyl group or a (luorocarbon group and on 
alkoxystlane group, 

CF3(CH.hSi(CHj)5«:H,)i3Si{OC Hj>,. 

F(CF,UCH^)jSi{CH5)2(CH2)» SiCOCH,), and ^ 

CF3COO(CH2)i3Si(OC2H5)j may be used, in addition to 
the compounds noted in the above Examples I to 4. 
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The invenuon may be embodied m other specific forms 
wuhow departing from the spmt or essenaai chanciensacs 
thereof. The present embodiment is to oe considered m ail 
respects as lUuscrauve and not restncuve. The scope of the 
mvenuort is indicated by the appended claims rather Oian by s 
:he foregoing descnpuon, and ail changes which come 
wtthin Che meaning and range of equivalency of iht claims 
ore mtended co be embraced therein. 

We claim; 

I. A method of manufactunng a Suorocarbcn-based poly- lo 
mcr coaung film compnsing the steps of: 
contacting a substrate having a surface contoming 
hydroxyl groups with a non-aqueous solvent compns- 
ing a material comprising chlorosilyl groups; 
coating the contacted substrate surface with either (1) a non- 
aqueous solvent comprising a compound compnsing a 
fluorocarbon group and a chlorosilyl group or {2) a solvent 
comprising (a) a compound comprising a fluorocarbon group, and 
an alkoxysilyl [alkoxysilanej group or (b) a compound of the 
following formula: 20 



where it represents 0 or an integer; R represents an aikyi 
group or a hydrocarbon subsQUted group containing is 
or C^bC. a silicon atom or an oxygen atons: m represents 0 

or I; Y represents a hydrogen atom, an [aikylj aikylene group, an 
aikoxy group, a fluorine-containing alkoxy group or a fluonnc- 
contaming [aikyl] aikylenc group; A represents a hydrogen atom, q 
represents 0, i or 2; and 

baking the subsvate after said contacting step and coating 
step. 

2. The osethod of manufacnmng the Huorocarbon-based 
polymer coaung film according to claim 1, wherein the 
substrate is made of the member of a group consisung of 
glass, metals, plastics and ceramics. 

3. The method of manufacturing the f!uorocarbon*based 
polymer coating film according to claim L whercm the 
substrate is [mace] made of a plastic material treated in a plasma 
atmosphere containing oxygen. -*0 

4. The method of manufactunng the fluorocarbon-based 
polymer coating film according to claim L wherein said 
matenii compnsing chlorosilyl groups comprises a member 
of thie group consisting of Sta4. SiHG,. SiK^G, and 
G— (SiaiO>,^ia3* wherein n is an integer. ^5 

5. A method of manufacmring the fluorocarbon*based 
polymer coating film according to claim 1. wherein said 
compound having a flu or oca r bon group and a chlorosilyl 
gmup is represented by a formuU: CF,— {(TFj)^— (R)^— 
SiX^G)^ where n represenu 0 or an imegen R represenu ^ 
an [aikyl] alkylcne group or a hydrocarbon substituted group 
containing CK^, C»C, a silicon atom or an oxygen atom; m 
represents 0 or I, X represents a hydrogen atom, an [aikyl] 
alkylene group, an alkoxy group, a tluonnc-containing aikoxy 
group. Of a fluorine-containing [alkyll alkyiene group; p represents 

^* 6°^!' method of manufacturing the fiuorocarbon-bascd 
polymer coating film occordmg to claim I. wherein said 
compound (a) is represented by a formula: 

^herc n represents 0 or an integer 
R represents an [aikyl] alkylene group or a h>drocarbon substituted 

group containmg or C^. a silicon atom or an 
oxygen atom; 
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n reorcsents 0 or 1 . 

Y represents a hydrogen atom, an [aJkyI] aJkylene group, an aikoxy 
group, a fluonne-contaming aikoxy group or a fluorine- 
containing [alkyi] aikylene group* 

OA' represents an aikoxy group; and 
q' represents 0. I or 2. 

7. A method of cnaitufacmhng die fluorocarbon-based 
polymer coaung film according to claim I. wherein a 
-ratenal represented by a formuJa: SiX^Q*., where X 

represents a hydrogen atom or an [alky I] aikylene group, and s 
represents 0, I or 2, is added to the non-aqueous solvent containing 
the compound having a fluorocarbon group and a chlorosilyl 
group. 

8. The method of manufacturing the fluorocarbon-based 
poiymer coating film according to ciaitn i, wherein a 
material represented by a formula: 

where Y represents an [alkyi] aikylene group; A" represents atom 
or an (alkyi] aikylene group; and t represents 0, U and to the 
solvent of (2). 

9. The tnethod of manufacmring the fl u qroc ar toi^bised 
poiymer cotiijig film accordtog to claim U wherein Sae 
particles of a ftuofDcaiboit-baaed polytner are dispersed in 
advance in eitiier said non^aqueous soivem comatning the 
compound having a fluorocarbo n group ami a cblomilyl 
group or said solvent containing ±c compound having a 
flu o roc ar bon group and an aikoxysitaae gmp. 

10. A method of maoufacnshng a Auorocarboo-based 
polymer coating film comprising the steps of: 

contacting a substrate having a surface containing 
hydroxyl groups with a oon-aqueous solvent compris- 
ing a material comprising chlorosiiyi groups; 

washing the contacted substrate with a non-aqueous solvent to 
remove unreacted material; 

coating the washed substrate sur^Ke with either (1) a non- 
aqueous solvent comprising a compound comprising a 
fluorocarbon group and a chlorosilyl group or (2) a soWcm 
comprising (a) a compound comprising a fluorocarbon group, and 
an aikoxysilyl (aikoxysilane] group or (b) a compound of the, 
following formula: 



where n represents 0 or an integer; R represents an [alkyi] aikylene 
group or a hydrocarbon substituted group containing C=C, CsC, a 
silicon atom or an oxygen atom; m represents 0 or 1 ; Y represents 
a hydrogen atom, an [aikyl) aikylene group, an aikoxy group, a 
fluorine-containing aikoxy group or a fluorine-containing [alkyi] 
aikylene group; A represents a hydrogen atom; and q represents 0, 
1 or 2; and 

baking the substrate after said contacting step, washing step and 
coating^ step 

11. A method of manufaciuring the i!uorocarbon-based 
polymer coaang ftlm of claim t further compnsmg: 

irradiaung with an electron beam of about 5M-rads when 
the fluorocarbon group of the coating step compnscs 
C=sC or QmC bonds, which irradiation is performed 
subsequent lo ihe coating sicp and pnor to the bakin« 
Mcp. 
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12. A method of manufacturing a fluorocarbon-based polymer coating film 
comprising the steps of: 

a. contacting a substrate having a surface containing hydroxyl groups with a 
non-aqueous solvent comprising a material comprising chlorosilyl groups to form a 
siloxane-based film on the substrate surface; and 

b. coating the siloxane-based film with either (1) a non-aqueous solvent 
comprising a compound comprising a fluorocarbon group and a chlorosilyl group or (2) a 
solvent comprising a compound comprising a fluorocarbon group and an alkoxysilyl 
group. 

13. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein the substrate is made of the member of a group 
consisting of glass, metals, plastics, and ceramics. 

14. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein the substrate is made of a plastic material treated in a 
plasma atmosphere containing oxygen. 

15. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein said material comprising chlorosilyl groups is 
selected from the group consisting of SiCU, SiHCb, SiHiCh and Cl-CSiCbOVSiCb, 
wherein n is an integer. 

16. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein said compound comprising a fluorocarbon group and 
a chlorosilyl group is represented by a formula: CF3-(CF2)n'(R)m-SiXgCl3.p where n 
represents 0 or an integer; R represents an alkylene group or a hydrocarbon substituted 
group containing C==C or C^C, a silicon atom or an oxygen atom; m represents 0 or 1 , X 
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represents a hydrogen atom, an alkyl group, an alkoxy group, a fluorine-containing 
alkoxy group or a fluorine-containing alkyl group; p represents 0, 1 or 2. 

17. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein the compound comprising a fluorocarbon group and 
a chlorosilyl group is represented by: 

CF3-(CF2V(R);;,-SiY^<OA-)3^- 
where n represents 0 or an integer; 

R represents an alkylene group or a hydrocarbon substituted group containing 
C=C or CsC, a silicon atom or an oxygen atom; 

m represents 0 or 1; 

Y represents a hydrogen atom, an alkyl group, an alkoxy group, a fluorine- 
containing alkoxy group or a fluorine-containing alkyl group; 
OA' represents an alkoxy group; and 
q' represents 0, 1 or 2; 

and the method further comprises a step of baking the substrate after coating. 

18. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 16, wherein a material represented by a formula: SiXsCU.^ where 
X represents a hydrogen atom or an alkyl group, and s represents 0, 1 or 2; is added to the 
solvent of (1). 

19. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein a material represented by a formula: 

SiY;(0A-)4,, 

where Y represents an alkyl group; A'' represents a hydrogen atom or an alkyl group; 
and t represents Q, 1 , and 2; is added to the solvent of (2), 
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20. The method of manufacturing the fluorocarbon-based polymer coating 
film according to claim 12, wherein fine particles of a fluorocarbon-based polymer are 
dispersed in advance in either said non-aqueous solvent containing the compound 
comprising a fluorocarbon group and a chlorosilyl group or said solvent containing the 
compound comprising a fluorocarbon group and an alkoxysilyl group. 

21. A method of producing a non- wetting surface on a glass substrate 
comprising the steps of: 

a. depositing a siloxane-based primer layer on a surface of the glass; and 

b. coating the siloxane-based primer layer with a composition comprising a 
perfluoroalkyl alkyl silane. 

22. A product made by the process of claim 16 . 

23. A product made by the process of claim 17. 

24. A product made by the process of claim 18. 

25. A product made by the process of claim 19. 

26. A product made by the process of claim 21. 
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Thomas E. Ciotti (Reg No. 2 1 ,0 1 3) Kate H. Murashige (Reg No. 29,959) 

Gladys H. Monroy (Reg No. 32,430) Debra A. Shetka (Reg No. 33,309) 

Paul Schenck (Reg No. 27,253) E. Thomas Wheelock (Reg No, 28,825) 
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Freddie K. Park (Reg No. 35,636) 
Shmuel Livnat (Reg No. 33,949) 
Antoinette F. Konski (Reg No. 34,202) 
Stuart P. Kaler (Reg No. 35,913) 
Robert Saltzberg (Reg No. 36,910) 
Mani Adeli (Reg No. 39,585) 
Sean Brennan (Reg No. 39,917) 
Robert K. Cerpa (Reg No. 39,933) 
Lee K. Tan (Reg No. 39,447) 
Madeline I. Johnston (Reg No. 36,174) 
Stephen C. Durant (Reg No. 31,506) 
Hector Gallegos (Reg No. 40,614) 
Charles D. Holland (Reg No. 35,196) 
Michael Hetherington (Reg No. 32,357) 
Thomas D. Mays (Reg No. 34,524) 
Wen Liu (Reg No. 32,822) 
Cindy S. Kaplan (Reg No. 40,043) 



Susan K. Lehnhardt (Reg No. 33,943) 
Tyler Dylan (Reg No. 37,612) 
Harry J. Macey (Reg No. 32,818) 
David L. Bradfute (Reg No. 39,1 1 7) 
Laurie A. Axford (Reg No. 35,053) 
Catherine M. Polizzi (Reg No. 40,130) 
J. Michael Schiff (Reg No. 40,253) 
Ronald D. Devore (Reg No. 39,958) 
Alan W. Cannon (Reg No. 34,977) 
Dahna S. Pasternak (Reg No. 41,41 1) 
Frank Wu (Reg No. 41,386) 
Barry E. Bretschneider (Reg No. 28,055) 
Mark R. Carter (Reg No. 39,131) 
Edward V. Donahue (Reg No.35,492) 
Thomas G. Wiseman (Reg No. 35,046) 
Ararat Kapouytian (Reg No. 40,044) 
Richard D. Jordan (Reg No. 33,519) 



all of Morrison «fe Foerster up, 2000 Pennsylvania Avenue, N.W., Washington, D.C. 20006- 
1888, telephone (202) 887-1500, to prosecute this application and transact ail matters in the 
United States Patent and Trademark Office connected therewith. 



Richard D. Jordan 

Morrison & Foerster llp 

2000 Pennsylvania Avenue, N.W. 

Washington, D.C. 20006-1888 

Please direct all telephone communications to Richard D. Jordan at (202) 887-6930. 

I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and ftoher that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under § 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the application or any patent 
issued thereon. 



Please direct all written communications relative to this application to: 



Date Name: K^ufiomi Ogawa' 




Residence: 3-50, Aoyama 2-cfaome, Nara-sfai, 
Nara 630-8101 Japan 

Citizenship: Japanese 

Post Office Address: Same as residence 
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Date Name: MamoruSoga 

Residence: 2-5-15, Kouyoudai, Tondabayashi-shi, 

Osaka 584-0082, Japan 

Citizenship: Japanese 

Post Office Address: Same as residence 
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CEJJTIFICATE OF MAILING BY '^EXPRESS MAIL" 



Express Mwi Label No EH493650660US Date of Deposit 




I hereby certify that this paper or fee is being deposited with the United States Postal Service 'Express Mail Post OfTice to Addressee" service 
under 37 C F R I 10 on the date indicated above and is addressed to Assistant Commissioner for Patents. Washington. D C 2023 1 

Sa n dra J Gonnt l lo 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In the Reissue application of: 

Kazufumi OGAWA et al. 

Original U.S. Patent No.: 5,538,762 

Original Issue Date: July 23, 1996 

For: METHOD OF MANUFACTURING A 
FLUOROCARBON-BASED COATING 
FILM 



Examiner: 
Group Art Unit; 



REISSUE APPLICATION DECLARATION AND POWER OF ATTORNEY 

BY INVENTOR 



Box 7 

Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 
believe I am an original, first and joint inventor of the subject matter that is described and 
claimed in U.S. Patent No. 5,538,762, granted on July 23, 1996. 

I hereby state that I have reviewed and understand the contents of the above-identified 
specification, including the claims, as amended by any amendment referred to above. 
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I acknowledge the duty to disclose information which is material to the examination of 
this application in accordance with 37 C.F.R. § 1 .56(a) and (b). 

I verily believe the original patent to be wholly or partly inoperative or invalid by reason 
of claiming more or less than I had the right to claim in the patent. 

At least one error upon which reissue is based is described as follows: Claim 1 includes 
an additional, non-necessary step, which is corrected by the addition of claim 12. 

I hereby claim foreign priority benefits under 35 U.S.C. § 1 19 of any foreign 
application(s) for patent or inventor's certificate or of any PCT international application(s) 
designating at least one country other than the United States of America listed below and have 
also identified below any foreign application(s) for patent or inventor's certificate or any PCT 
international application(s) designating at least one country other than the United States of 

America filed by me on^Be same subject matter having a filing date before that of the 

-■ror 

application(s) of Which {Sftority is claimed: 

Application No. 289127/1990 Country Japan Filing Date 10/25/90 

POWER OF ATTORNEY 

I hereby appoint the following attomey(s) and/or agent(s) to prosecute this application 

and transact all business in the Patent and Trademark Office connected therewith 



Thomas E. Ciotti (Reg No. 21,013) 
Gladys H. Monroy (Reg No. 32,430) 
Paul Schenck (Reg No. 27,253) 
Freddie K. Park (Reg No. 35,636) 
Shmuel Livnat (Reg No. 33,949) 
Antoinette F. Konski (Reg No. 34,202) 
Stuart P. Kaler (Reg No. 35,913) 
Robert Saltzberg (Reg No. 36,910) 
Mani Adeli (Reg No. 39,585) 
Sean Brennan (Reg No. 39,917) 
Robert K. Cerpa (Reg No. 39,933) 
Lee K. Tan (Reg No. 39,447) 
Madeline I. Johnston (Reg No. 36,174) 
Stephen C, Durant (Reg No. 31,506) 
Hector Gallegos (Reg No. 40,614) 
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Kate H. Murashige (Reg No. 29,959) 
Debra A. Shetka (Reg No. 33,309) 
E. Thomas Wheelock (Reg No. 28.825) 
Susan K. Lehnhardt (Reg No. 33,943) 
Tyler Dylan (Reg No. 37,612) 
Harry J. Macey (Reg No. 32,81 8) 
David L. Bradfute (Reg No. 39,1 17) 
Laurie A. Axford (Reg No. 35,053) 
Catherine M. Polizzi (Reg No. 40,130) 
J. Michael Schiff (Reg No. 40,253) 
Ronald D. Devore (Reg No. 39,958) 
Alan W. Cannon (Reg No. 34,977) 
Dahna S. Pasternak (Reg No. 41,41 1 ) 
Frank Wu (Reg No. 41,386) 
Barry E. Bretschneider (Reg No. 28,055) 
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Charles D. Holland (Reg No. 35,196) 
Michael Hetherington (Reg No. 32,357) 
Thomas D. Mays (Reg No. 34,524) 
Wen Liu (Reg No. 32,822) 
Cindy S. Kaplan (Reg No. 40,043) 



Mark R. Carter (Reg No. 39, 1 3 1 ) 
Edward V. Donahue (Reg No.35,492) 
Thomas G. Wiseman (Reg No. 35,046) 
Ararat Kapouytian (Reg No. 40,044) 
Richard D. Jordan (Reg No. 33,5 19) 



all of Morrison & Foerster llp, 2000 Pennsylvania Avenue, N.W„ Washington, D.C. 20006- 
1888, telephone (202) 887-1500, to prosecute this application and transact all matters in the 
United States Patent and Trademark Office connected therewith. 



Please direct all written communications relative to this application to: 



Richard D, Jordan 

Morrison & Foerster llp 

2000 Pennsylvania Avenue, N.W. 

Washington, D.C. 20006-1888 

Please direct ail telephone communications to Richard D. Jordan at (202) 887-6930. 



I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under § 1001 of Title 18 of the United States Code 
and that such willful false statements may jeopardize the validity of the application or any patent 
issued thereon. 



^'J^2S^JJf r ^oW^^^ ^^^^ 



Date Name: KazUfumi Ogawa 

Residence; 3-50, Aoyama 2-chome, Nara-shi, 
Nara 630-8101 Japan 

Citizenship: Japanese 

Post Office Address: Same as residence 





Name: Mamoru Soga 
Residence: 2-5-15, Kouyoudai, Tondabayashi-shi, 
Osaka 584-0082, Japan 
Citizenship: Japanese 
Post Office Address: Same as residence 
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